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IntroductIon
The early Paleogene climatically dynamic greenhouse world 
underwent episodes of rapid global warming (hyperthermals), of 
which the Paleocene–Eocene thermal maximum (PETM) is the 
best known (Zachos et al., 2008). The associated carbon isotope 
excursion (CIE; Kennett & Stott, 1991), correlated with global 
climatic and biotic events (see overview in Sluijs et al., 2007a), 
now defines the Paleocene–Eocene (P–E) boundary (Dupuis et al., 
2003). The base of the CIE is coeval with the extinction of 
Gavelinella beccariiformis (White, 1928) and associated long-
lived, cosmopolitan deep-dwelling foraminiferal taxa, such as 
Angulogavelinella avnimelechi (Reiss, 1952), marking a severe 
benthic extinction event (BEE) in bathyal and deeper settings (e.g. 
Thomas & Shackleton, 1996; Thomas, 2007). This event marks 
the end the ‘Cretaceous fauna’, which survived from the late 
Cretaceous up to the P–E boundary and the rise of an early– 
middle Eocene ‘Paleogene fauna’ (Thomas, 2007).
Paleocene benthic foraminiferal faunas were cosmopolitan to a 
large extent and two principal assemblages can be distinguished. 
The first is the so-called ‘Midway-type fauna’, typical of conti-
nental shelf environments, and the second is the ‘Velasco-type 
fauna’, representative of continental slope to abyssal environments 
(Berggren & Aubert, 1975). The BEE has long since been 
recognized as a major turnover (Tjalsma & Lohmann, 1983) and 
is applied as the boundary between benthic abyssal Zones AB2 
and AB3 and benthic bathyal Zones BB1 and BB2 (Berggren & 
Miller, 1989). At this level, most of the characteristic ‘Velasco-
type’ taxa became extinct, yet the neritic ‘Midway-type’ assem-
blages remained largely unaffected. In Egypt, the PETM benthic 
foraminiferal turnover and subsequent recovery was, indeed, less 
pronounced in shelf faunas although a distinct extinction level 
corresponds to the onset of the PETM, indicating that the BEE 
was not exclusively a deep-sea event (e.g. Speijer et al., 1995). 
We report for the first time that there is a remarkable resemblance 
in the pattern of benthic foraminiferal recovery in two widely sep-
arated shelf areas and the potential stratigraphical application.
MaterIal and Methods
Samples were obtained from two continuously drilled New Jersey 
Coastal Plain boreholes at Wilson Lake and Bass River (Fig. 1). 
The New Jersey Coastal Plain is situated in the northern part of 
the Salisbury Embayment, containing a nearly complete marine 
record of Paleocene–Eocene boundary sediments (Gibson & 
Bybell, 1994). Palaeodepth estimations indicate latest Paleocene 
deep middle neritic (Wilson Lake) to outer neritic (Bass River) 
settings (unpublished data, P. Stassen). Samples were washed 
over a 63 µm sieve until completely disaggregated. Benthic 
foraminiferal frequencies are based upon a representative split of 
the 63–630 µm fraction. We show relative abundances of three 
selected taxa (Fig. 2; Pl. 1) and compare these to the distribution 
patterns of the Egyptian Dababiya section (Fig. 3; Ernst et al., 
2006), hosting the GSSP for the P–E boundary (Dupuis et al., 
2003). Palaeodepth estimation indicates an outer neritic setting 
(Ernst et al., 2006). Correlation of the distribution patterns is 
calibrated using the extinction level of G. beccariiformis and 
the division of the CIE into a ‘core’ and a recovery phase (Röhl 
et al., 2007).
results and dIscussIon
Previous benthic studies were unable to recognize in full extent 
the similarity between the Atlantic Coastal Plain and Egyptian 
shelf biota. Detailed comparison between benthic foraminiferal 
assemblages across the PETM reveals strikingly similar distribu-
tion patterns of three benthic species (Pl. 1) – Bulimina callahani 
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Fig. 1. Location the New Jersey Coastal Plain (1) and the Egyptian basin 
(2). Reconstruction is based upon oDSN Plate Tectonic Reconstruction 
Service (http://www.odsn.de/odsn/services/paleomap/paleomap.html).
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Galloway & Morrey, 1931, Turrilina brevispira ten Dam, 1944 
and Anomalinoides zitteli (Leroy, 1953), which are rare to com-
mon in the uppermost Paleocene in both regions. They were 
absent during the CIE ‘core’, corresponding to the peak environ-
mental perturbation and became common to abundant compo-
nents of Eocene benthic assemblages during the CIE recovery, 
with B. callahani, in particular, blooming. This buliminid 
remained dominant in post-PETM Egyptian outer neritic environ-
ments (Speijer et al., 2000), whereas it disappeared in the post-
PETM interval at Wilson Lake (deep middle neritic). Turrilina 
brevispira and A. zitteli remained common to abundant through-
out the remainder of the lower Eocene (NP10) at Wilson Lake 
and in Egyptian settings (Speijer & Schmitz, 1998). Similar 
behaviour of T. brevispira is also observed in the deep sea 
(Thomas & Shackleton, 1996).
Zonation of the Paleocene–Eocene boundary by means of 
planktic organisms has resulted in well-calibrated stratigraphical 
frameworks (Aubry et al., 2007). Similar application using benthic 
foraminifera has been hampered by inadequate taxonomy and 
their relatively longer stratigraphical ranges. In addition, benthic 
foraminiferal turnovers may merely reflect regional environmental 
changes or facies control rather than evolutionary phenomena. This 
often results in diachronous ranges; nevertheless certain species 
may be applicable in stratigraphical correlations. our observed 
biotic shifts in shelf ecosystems occurred simultaneously and may 
have persisted over time. The (temporal) bloom of B. callahani 
probably represents merely a palaeoecological signal (buliminid 
bloom in response to high organic flux; Ernst et al., 2006), but the 
lowest common occurrences of T. brevispira and A. zitteli seem to 
be applicable as neritic stratigraphical markers for the P–E bound-
ary. As these species inhabited the outer parts of the shelf (>75 m 
water depth and up to bathyal settings; Speijer & Schmitz, 1998), 
they can be stratigraphically applied in outer shelf and deeper sedi-
mentary sequences.
Additionally, the bathyal benthic foraminiferal biozonation into 
a Paleocene Zone BB1 (G. beccariiformis and A. avnimelechi 
assemblage) and an Eocene Zone BB2 (T. brevispira, B. callahani 
and Nuttallides truempyi (Nuttall, 1930) assemblage) can be 
extrapolated towards outer neritic settings with an upper Paleocene 
assemblage (G. beccariiformis and A. avnimelechi) and a lower 
Eocene assemblage (B. callahani, A. zitteli and T. brevispira). 
This indicates also that the composition of the Paleocene 
‘Midway-type’ fauna was affected by environmental changes dur-
ing the PETM. These three characteristic species were already 
present during the latest Paleocene and became more frequent 
after the elimination of Paleocene taxa.
Fig. 2. The P–E boundary at Wilson Lake and Bass River with carbon isotope record (Zachos et al., 2006; Sluijs et al., 2007b; John et al., 2008) and 
distribution of the three benthic taxa (63–630 µm fraction).
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conclusIons
our taxonomical comparison reveals similar distribution patterns 
of Bulimina callahani, Turrilina brevispira and Anomalinoides 
zitteli across the PETM between the study areas. The recognition 
of this biotic shift can be used to track the Paleocene–Eocene 
boundary in the deeper parts of the shelves surrounding the 
Atlantic ocean and the Tethys and possibly elsewhere too.
systeMatIc descrIPtIon
We adopted species concepts of Leroy (1953), Speijer (1994) and 
Ernst et al. (2006) for the Tethys. The works of olsson (1960) 
and Charletta (unpublished thesis, Rutgers University) on the 
Paleocene and Eocene New Jersey Coastal Plain faunas, respec-
tively, are used for taxonomical comparison. Unfortunately, more 
recent publications lack detailed taxonomical documentation (e.g. 
olsson & Wise, 1987; Browning et al., 1997; harris et al., 2010).
Family heterolepidae Gonzáles-Donoso, 1969
Genus Anomalinoides Brotzen, 1942
Anomalinoides zitteli (Leroy, 1953)
(Pl. 1, figs 1–3, 6–8)
non 1948 Cibicides simplex Brotzen: 83, pl. 13, figs 4–5.
1953 Cibicides zitteli Leroy: 25, pl. 6, figs 20–22.
1960 Cibicides simplex Brotzen; olsson: 53, pl. 12, figs 7–9.
1994 Anomalinoides zitteli (Leroy); Speijer: 166, pl. 7, fig. 1.
2006 Anomalinoides zitteli (Leroy); Ernst et al., pl. 2, figs o–p.
remarks. This species is characterized by a compressed evolute 
test with strongly curved limbate sutures on both sides. Cibicides 
simplex (Brotzen, 1948) displays slightly depressed sutures on the 
spiral side and may have a rounded periphery, whereas the New 
Jersey specimen depicted by olsson (1960) has a distinctive 
narrow keel at the periphery and limbate sutures.
Family buliminidae Jones, 1875
Genus Bulimina d’orbigny, 1826
Bulimina callahani Galloway & Morrey, 1931
(Pl. 1, figs 4, 9)
1931 Bulimina callahani Galloway & Morrey: 350, pl. 40, fig. 6.
1953 Bulimina rugifera Glaessner; Leroy, 21, pl. 6, figs 13–14.
1994 Bulimina callahani Galloway & Morrey; Speijer, 152, pl. 3, 
fig. 3.
2006 Bulimina callahani Galloway & Morrey; Ernst et al., pl. 2, 
fig. j.
remarks. This species displays the characteristic, thin, closely spaced, 
irregular and branching costae, extending from the initial part up to 
the last whorl. The upper part is smooth and almost without pores.
Family turrilinidae Cushman, 1927
Genus Turrilina Andreae, 1884
Turrilina brevispira ten Dam, 1944
(Pl. 1, fig. 5)
explanation of Plate 1. 
figs 1–3. Anomalinoides zitteli (Dababiya 4.25 m): 1, spiral view; 2, apertural view; 3, umbilical view. fig. 4. Bulimina callahani (Dababiya 5.65 m). 
fig. 5. Turrilina brevispira (Dababiya 4.75 m). figs 6–8. Anomalinoides zitteli (Wilson Lake 96.04 m): 6, spiral view; 7, apertural view; 8, umbilical 
view. fig. 9. Bulimina callahani (Bass River 349.32 m). fig. 10. Turrilina brevispira (Wilson Lake 96.04 m). Scale bar represents 100 µm. Figured 
specimens are deposited in the Department of Earth & Environmental Sciences, K.U. Leuven.
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non 1939 Bulimina robertsi howe & Ellis in howe: 63, pl. 8, figs 
32–33.
1944 Turrilina brevispira ten Dam: 110, pl. 3, fig. 14.
1953 Bulimina esnaensis LeRoy: 20, pl. 6, figs 11–12.
1994 Turrilina brevispira ten Dam; Speijer, 150, pl. 3, fig. 4.
2006 Turrilina brevispira ten Dam; Ernst et al., pl. 2, fig. v.
remarks. This species can be recognized easily based upon the 
slit-like aperture with a short perpendicular extension up the 
infolded apertural face and its glossy appearance due to the smooth 
surface and very fine pores. Turrilina brevispira and T. robertsi 
strongly resemble each other, but are distinguishable on the basis of 
the numbers of chambers in the last whorl (respectively 3 and 4). 
Turrilina robertsi is thought to have evolved from T. brevispira 
during the middle Eocene (Revets, 1987).
acKnowledgeMents
Financial support was provided by grants from the K.U.Leuven 
Research Fund and the Research Foundation Flanders (FWo) to 
Robert P. Speijer, by National Science Foundation (NSF) to Ellen 
Thomas (Grant oCE-0903014). The constructive review of Rich-
ard olsson is gratefully acknowledged.
Manuscript received 23 august 2011
Manuscript accepted 30 september 2011
Scientific Editing by Alan Lord
reFerences
Aubry, M.-P., ouda, K., Dupuis, C. et al. 2007. The global Standard 
Stratotype-section and Point (GSSP) for the base of the Eocene Series 
in the Dababiya section (Egypt). Episodes, 30: 271–286.
Berggren, W.A. & Aubert, J. 1975. Paleocene benthonic foraminiferal 
biostratigraphy, paleobiogeography and paleoecology of Atlantic–Tethyan 
regions – Midway-type fauna. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 18: 73–192.
Berggren, W.A. & Miller, K.G. 1989. Cenozoic bathyal and abyssal 
calcareous benthic foraminiferal zonation. Micropaleontology, 35: 
308–320.
Brotzen, F. 1948. The Swedish Paleocene and its foraminiferal fauna. 
Sveriges Geologiska Undersökning, 42: 1–140.
Browning, J.V., Miller, K.G. & olsson, R.K. 1997. Lower to Middle 
Eocene benthic foraminiferal biofacies and lithostratigraphic units 
and their relationship to sequences, New Jersey Coastal Plain. In: 
Miller, K.G. & Snyder, S.W. (Eds), Proceedings of the Ocean Drilling 
Program, Scientific Results, 150X: 207–228.
Dupuis, C., Aubry, M.-P., Steurbaut, E. et al. 2003. The Dababiya Quarry 
section: Lithostratigraphy, clay mineralogy, geochemistry and paleontol-
ogy. Micropaleontology, 49: 41–59.
Ernst, S.R., Guasti, E., Dupuis, C. & Speijer, R.P. 2006. Environmental 
perturbation in the southern Tethys across the Paleocene/Eocene bound-
ary (Dababiya, Egypt): Foraminiferal and clay mineral records. Marine 
Micropaleontology, 60: 89–111.
Galloway, J.J. & Morrey, M. 1931. Late Cretaceous foraminifera from 
Tabasco, Mexico. Journal of Paleontology, 5: 329–354.
Gibson, T.G. & Bybell, L.M. 1994. Sedimentary patterns across the 
Paleocene–Eocene boundary in the Atlantic and Gulf Coastal Plains of 
the United States. Bulletin de la Société belge de Géologie – Bulletin 
van de Belgische Vereniging voor Geologie, 103: 237–265.
harris, A.D., Miller, K.G., Browning, J.V., Sugarman, P.J., olsson, R.K., 
Cramer, B.S. & Wright, J.D. 2010. Integrated stratigraphic studies of 
Paleocene–lowermost Eocene sequences, New Jersey Coastal Plain: 
Evidence for glacioeustatic control. Paleoceanography, 25: Pa3211.
howe, h.V. 1939. Louisiana Cook Mountain Eocene Foraminifera. Louisiana 
Geological Survey, Geological Bulletin, New Orleans, 14, 122pp.
John, C.M., Bohaty, S.M., Zachos, J.C., Sluijs, A., Gibbs, S., Brinkhuis, h. 
& Bralower, T.J. 2008. North American continental margin records of 
the Paleocene–Eocene thermal maximum: Implications for global carbon 
and hydrological cycling. Paleoceanography, 23: Pa2217.
Kennett, J.P. & Stott, L.D. 1991. Abrupt deep-sea warming, palaeoceano-
graphic changes and benthic extinctions at the end of the Paleocene. 
Nature, 353: 225–229.
Leroy, L.W. 1953. Biostratigraphy of the Maqfi section, Egypt. Geological 
Society of America, Memoir, 54: 73pp.
olsson, R.K. 1960. Foraminifera of Latest Cretaceous and Earliest 
Tertiary Age in the New-Jersey Coastal Plain. Journal of Paleontology, 
34: 1–58.
olsson, R.K. & Wise, S.W. 1987. Upper Paleocene to middle Eocene 
depositional sequences and hiatuses in the New Jersey Atlantic Margin. 
In Ross, C.A. & haman, D. (Eds), Timing and Depositional History 
of Eustatic Sequences: Constraints on Seismic Stratigraphy, Cushman 
Foundation for Foraminiferal Research, houston, 24: 99–112.
Revets, S.A. 1987. A revision of the genus Turrilina Andreae, 1884. 
Journal of Foraminiferal Research, 17: 321–332.
Fig. 3. The P–E boundary at Dababiya with carbon isotope record (Dupuis 
et al., 2003) and distribution of the discussed benthic taxa (63–630 µm 
fraction) (modified after Ernst et al., 2006).
Restructuring neritic foraminiferal assemblages after the PETM 
93
Röhl, U., Westerhold, T., Bralower, T.J. & Zachos, J.C. 2007. on 
the duration of the Paleocene–Eocene thermal maximum (PETM). 
Geochemistry, Geophysics, Geosystems, 8: Q12002.
Sluijs, A., Bowen, G.J., Brinkhuis, h., Lourens, L.J. & Thomas, E. 2007a. 
The Paleocene–Eocene Thermal Maximum super greenhouse: biotic and 
geochemical signatures, age models and mechanisms of global change. 
In Williams, M., haywood, A.M., Gregory, F.J. & Schmidt, D.N. (Eds), 
Deep-Time Perspectives on Climate Change: Marrying the Signal from 
Computer Models and Biological Proxies. The Micropalaeontological 
Society, Special Publications, London, 323–350.
Sluijs, A., Brinkhuis, h. & Schouten, S. et al. 2007b. Environmental pre-
cursors to rapid light carbon injection at the Palaeocene/Eocene bound-
ary. Nature, 450: 1218–U5.
Speijer, R.P. 1994. Extinction and recovery patterns in benthic foraminif-
eral paleocommunities across the Cretaceous/Paleogene and Paleocene/
Eocene boundaries. Geologica Ultraiectina, Utrecht, 124: 191pp.
Speijer, R.P. & Schmitz, B. 1998. A benthic foraminiferal record of 
Paleocene sea level and trophic/redox conditions at Gebel Aweina, Egypt. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 137: 79–101.
Speijer, R.P., Schmitz, B., Aubry, M.P. & Charisi, S.D. 1995. The latest 
Paleocene benthic extinction event: Punctuated turnover in outer neritic 
foraminiferal faunas from Gebel Aweina, Egypt. Israel Journal of Earth 
Sciences, 44: 207–222.
Speijer, R.P., Schmitz, B. & Luger, P. 2000. Stratigraphy of late Palaeocene 
events in the Middle East: implications for low- to middle-latitude 
successions and correlations. Journal of the Geological Society, London, 
157: 37–47.
ten Dam, A. 1944. Die stratigraphische Gliederung des niederländis-
chen Paläozäns und Eozäns nach Foraminiferen (mit Ausnahme von 
Süd-Limburg). Mededeelingen van de Geologische Stichting, haarlem, 
c, 5-3, 142pp.
Thomas, E., 2007. Cenozoic mass extinctions in the deep sea: What 
perturbs the largest habitat on Earth? In Monechi, S., Coccioni, R. 
& Rampino, M.R. (Eds), Large Ecosystem Pertubations: Causes and 
Consequences. Geological Society of America, Special Paper, 424: 
1–13
Thomas, E. & Shackleton, N.J. 1996. The Paleocene–Eocene foraminif-
eral extinction and stable isotope anomalies. In Knox, R.W., Corfield, 
R.M. & Dunay, R.E. (Eds), Correlation of the Early Paleogene in 
Northwest Europe. Geological Society, London, Special Publications, 
101: 401–441.
Tjalsma, R.C. & Lohmann, K.C. 1983. Paleocene–Eocene bathyal and 
abyssal benthic foraminifera from the Atlantic region. Micropaleontology 
Special Publication, 4: 1–91.
Zachos, J.C., Schouten, S. & Bohaty, S. et al. 2006. Extreme warming of 
mid-latitude coastal ocean during the Paleocene–Eocene Thermal Maximum: 
Inferences from TEX86 and isotope data. Geology, 34: 737–740.
Zachos, J.C., Dickens, G.R. & Zeebe, R.E. 2008. An early Cenozoic per-






West Sussex RH17 5AL
England
Tel/Fax: +44 (0)1444 452 282
Email: sales@biotecmicroslides.co.uk
Web: www.biotecmicroslides.co.uk
BiotecMicroslides has been manufacturing
slides for the storage of microfossils and small
zoological and botanical specimens since 1974.
Slides, with either black or white cell
backgrounds are available in cardboard with
aluminium holder and glass coverslide. Also
available to order are double-depth single-cell
slides with paper tops and either acetate or
glass coverslip.
Slide dimensions 3” x 1” (76mm x 27mm)
• Pine Storage Cabinets (28 drawers)
with or without glazed door
• Picking trays 33⁄4 x 31⁄4
(97mm x 84mm)
• 00 Picking brushes with sable or
synthetic bristles
CF64B or CF64W
CF32B or CF32W
C10B or C10W
C4B or C4W
C2B or C2W
CSB or CSW
CSBDD or CSWDD
